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Orchards of 30 to >100 years old fruit trees used for cider production are endangered by an 
accumulation of abiotic and biotic stress factors. Among biotic stress factors, diseases such 
as pear decline (PD) caused by the bacterial pathogen ‘&DQGLGDWXV Phytoplasma S\UL’ 
contributes to a weakening and reduced life time of affected trees. Since direct treatment of 
this disease is not possible, approaches have gained attention, which might lead to an 
increased resilience against this pathogen, such as incisions of the cambium at the graft 
union at the stem base. Six 35 years old pear trees (3\UXVFRPPXQLV) of a Swiss cider 
production orchard, all affected by mild decline were chosen for this study. Four out of them 
were treated with 2-4 incisions per tree in February 2016. Symptoms were visually assessed 
during summer and autumn 2016 and 2017, respectively, and ‘&DP S\UL’ measured in 
branch samples with a newly developed duplex TaqMan qPCR assay. No effect could be 
determined within these two subsequent growing seasons after treatment. Both, visual 
assessment of symptoms and qPCR measurement of the pathogen in branches did not 
show any difference between treated and untreated trees. The sequencing of two marker 
genes of the pathogen detected in this orchard confirmed its identity as ‘&D3S\UL’ and 
revealed that it belongs to the major genotype present in Europe. 
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/LVWRISHDUWUHHVWUHDWPHQWVT3&5UHVXOWVRIEUDQFKVDPSOHVDQGYLVXDODVVHVVPHQWVRI
V\PSWRPVLQVXPPHUDQGDXWXPQQRV\PSWRPVVOLJKWSDUWLDOUHGGHQLQJRIIROLDJHVWURQJ
UHGGHQLQJRIIROLDJHVDPSOLQJRIEUDQFKHVDIWHUOHDIIDOOQGQRWGHWHUPLQHG
7UHH1R 7UHDWPHQW 6\PSWRPVYLVXDODVVHVVPHQW
T3&51RSRVLWLYHV
WRWDOEUDQFKHVWHVWHG
  $XJµ 6HSµ 2FW¶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 XQWUHDWHG   QG  
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E     
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F     

9DOLGDWLRQRIWKHQRYHOGXSOH[7DT0DQT3&5DVVD\7KLVQRYHODVVD\EDVHGRQSULPHU
DQG SUREHV OLVWHG LQ 7DEOH  KDG DQ DPSOLILFDWLRQ HIILFLHQF\ RI  DW DQ
DQQHDOLQJHORQJDWLRQ WHPSHUDWXUHRI&IRUDIROGGLOXWLRQVHULHVRI'1$H[WUDFWVRI
FDPELXPRILQIHFWHGEUDQFKHVRISHDU&TYDOXHVRISRVLWLYHSHDUFDPELXPVDPSOHVZHUH
VLPLODUGHOWD&TZKHQWHVWHGVDPSOHVZLWKWKH3'UHDJHQWV7DEOHDORQHRUGXSOH[
LQFRPELQDWLRQZLWK0GSULPHUV7DEOHWKDWUHDFWZLWKSHDU6U51$JHQHDVZHOO7KH
T3&5EDVHGRQ3'SULPHUSUREHDPSOLILHVDIUDJPHQWRIEDVHSDLUVZKLFKLVVSHFLILF
IRU µCa3S\UL¶EDVHGRQVLPLODULWLHVZLWKKRPRORJRXVVHTXHQFHV LQ1&%,XVLQJ%/$67
KWWSVEODVWQFELQOPQLKJRY,QDGGLWLRQSRVLWLYHO\WHVWHGVDPSOHVRIWKHSHDUWUHHVLQWKLV
VWXG\ZLWKWKHQHZ7DT0DQT3&5DVVD\ZHUHFRQILUPHGZLWKWKH6\EUDVVD\HPSOR\LQJ
WKHSULPHUSDLU35;)U7RUUHVet al.
5HYLHZHG3DSHUV  


'1$H[WUDFWVPDGH IURPFDPELXPSHHOLQJVZLWKRXWSUHFHGLQJ UHPRYDORI WKHEDUNZHUH
EURZQLVK DQG KDG WR EH GLOXWHG XS WR [ EHIRUH T3&5DQDO\VLV WR JHW DPSOLILFDWLRQ ,Q
FRQWUDVW '1$ H[WUDFWV RI SRVLWLYH VDPSOHV PDGH IURP FDPELXP SHHOLQJV IURP EUDQFK
VHFWLRQVZKHUHWKHEDUNKDGEHHQVFUDSHGRIISURGXFHGDOVRXQGLOXWHGUHDGLO\DVLJQDO


)LJXUH3K\ORJHQHWLFSRVLWLRQRIµCa.3S\UL¶VWUDLQ3'+ZLWKLQWKHSK\WRSODVPDVRIWKH6U;
JURXSXVLQJPD[LPXPOLNHOLKRRGWUHHVEDVHGRQ$WKHGLK\GUROLSRDPLGHDF\OWUDQVIHUDVHaceFDQG
% WKH SRO\QXFOHRWLGH SKRVSKRU\ODVH pnp JHQHV DFFRUGLQJ WR 'DQHW et al.  0D[LPXP
OLNHOLKRRG QHLJKERU MRLQLQJ DQG PD[LPXP SDUVLPRQ\ ERRWVWUDS YDOXHV  UHSOLFDWHV DQG
%D\HVLDQSRVWHULRUSUREDELOLWLHVDUH LQGLFDWHGDW WKH LQQHUQRGHV6HOHFWPHPEHUVRI WKH µCa.3
SUXQRUXP¶ZHUHXVHGDVRXWJURXS*HQ%DQN(0%/''%-DFFHVVLRQQXPEHUVDUHJLYHQLQEUDFNHWV
3'SHDUGHFOLQH$3DSSOHSUROLIHUDWLRQ(6)<(XURSHDQVWRQHIUXLW\HOORZV
  5HYLHZHG3DSHUV
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
'HWHFWLRQUDWHRIµCa3S\UL¶GLGQRWFRUUHODWHZLWKLQFLVLRQWUHDWPHQWV'HWHFWLRQRI
µCa.3S\UL¶LQEUDQFKHVZLWKWKLVGXSOH[7DT0DQT3&5DVVD\ZDVEHVWLQVDPSOHVWDNHQ
LQODWH2FWREHURUEHJLQQLQJ1RYHPEHUZLWK&TYDOXHVRIIRUWKHKRVW
JHQHDQGEHWZHHQDQGIRUWKH6U51$JHQHRIµCa.3S\UL¶+LJKHVWDQGORZHVW
FRQFHQWUDWLRQ RI WKH SDWKRJHQV RU ORZHVW DQG KLJKHVW &T YDOXHV UHVSHFWLYHO\ ZHUH
UHFRUGHGERWKLQWUHHZKLFKKDGEHHQWUHDWHGZLWKWKUHHLQFLVLRQV2QO\RI
EUDQFKVDPSOHVZHUHSRVLWLYHIRUµCa.3S\UL¶7DEOH0RVWRIWKHVDPSOHVWDNHQLQ$XJXVW
DQG6HSWHPEHUZHUHµCa.3S\UL¶QHJDWLYHZLWKH[FHSWLRQRISRVLWLYHVDPSOHVRIWUHHV
DQGWDNHQHQGRI6HSWHPEHU7DEOH

7KHVZLVVµCa.3S\UL¶VWUDLQ3'+UHSUHVHQWVDPDMRUJHQRW\SHIRXQGLQ(XURSH
7R SRVLWLRQ WKH SK\WRSODVPDV FDXVLQJ 3' RI WKH FLGHU SHDU RUFKDUG LQ 6WHLQPDXU
6ZLW]HUODQG WR RWKHU SK\WRSODVPDV RI WKH 6U; JURXS ZH DPSOLILHG VHTXHQFHG DQG
DQDO\]HG WZR PDUNHU JHQHV  WKH GLK\GUROLSRDPLGH DF\OWUDQVIHUDVH aceF) DQG
SRO\QXFOHRWLGHSKRVSKRU\ODVHpnp)7KHVHTXHQFHVZHUHREWDLQHGIURPµCa.3S\UL¶VWUDLQ
3'+RULJLQDWHGIURPWKHSHDUWUHHFVDPSOHGLQ7KHaceFJHQHVKRZHG
 VLPLODULW\ ZLWK WKH µCa.3 S\UL¶ LVRODWH 3' )1ZKLFK UHSUHVHQWV D KLJKO\
DEXQGDQW JHQRW\SH $ IRXQG LQ*HUPDQ\ $]HUEDLMDQ&URDWLD )UDQFH8. ,WDO\ DQG
7XUNH\'DQHWet al7KHpnpJHQHVKRZHGVLPLODULW\ZLWKµCa.3S\UL¶LVRODWH
3')1GHPRQVWUDWLQJDJHQRW\SH3GHWHFWHG LQ,WDO\DQG/HEDQRQ µCa.3
S\UL¶ LVRODWH 3'/LE )1 UHSUHVHQWLQJ D JHQRW\SH 3 IRXQG LQ /HEDQRQ
$]HUEDLMDQ&URDWLD8.DQG6SDLQ DQG µCa.3S\UL¶ LVRODWH3' )1 UHIOHFWLQJD
JHQRW\SH 3 IRXQG LQ*HUPDQ\)UDQFH/HEDQRQDQG6SDLQ 'DQHWet al 2XU
SK\ORJHQHWLF DQDO\VHV XVLQJ SXEOLVKHG GDWDVHWV 'DQHW et al  VKRZHG WKDW WKH
REWDLQHGaceFDQGpnpJHQHVHTXHQFHVRIµCa.3S\UL¶VWUDLQ3'+FOXVWHUHGWRJHWKHU
ZLWKRWKHUPHPEHUVRIWKHZHOOVXSSRUWHGµCa.3S\UL¶VXEJURXSFDXVLQJ3')LJXUH$XQG
%

'LVFXVVLRQ
7KHUHVXOWVLQGLFDWHQRHIIHFWRIWKHLQFLVLRQWUHDWPHQWVRQWKHGHYHORSPHQWRIWKHGLVHDVH
LQWKHWZRVXEVHTXHQWJURZLQJVHDVRQV6\PSWRPVGHYHORSPHQWGLIIHUHGEHWZHHQWKHWZR
JURZLQJVHDVRQVDQG UHVSHFWLYHO\EXWQRWEHWZHHQ WUHHV WUHDWHGRUQRWZLWK
LQFLVLRQV,QFRQWUDVWWR:HEHUZKRWUHDWHG\RXQJWUHHVDSSUR[\HDUVROGSHDU
WUHHVWKHSHDUWUHHVLQYROYHGLQWKLVVWXG\ZHUH\HDUVROG,QEUDQFKVDPSOHV µCa.3
S\UL¶ZDVUHDGLO\GHWHFWDEOHZLWK&TYDOXHVEHWZHHQDQGZLWKWKLVQHZO\GHYHORSHG
GXSOH[7DT0DQT3&5DVVD\7KHVLPXOWDQHRXVDPSOLILFDWLRQRIWKHKRVWJHQHLQWKHVDPH
UHDFWLRQZDVYHU\KHOSIXOWRUXOHRXWIDOVHQHJDWLYHV7KLVZDVLQGHHGLPSRUWDQWE\WKHIDFW
WKDWWKHGHWHFWLRQRISK\WRSODVPDZDVZLWKIHZH[FHSWLRQVRQO\SRVVLEOHODWHLQWKHVHDVRQ
DIWHUOHDIIDOORIPLG2FWREHUDWDUDWHRIWRDPD[LPXPRILQSHDUEUDQFKHVHYHQ
LQKLJKO\V\PSWRPDWLFWUHHV7DEOH7KLVXQHYHQDQGVHDVRQDOGLVWULEXWLRQRIWKHSDWKRJHQ
LQWKHFDPELXPWLVVXHRISHDUWUHHVKDVEHHQUHSRUWHGEHIRUH*DUFLD&KDSDet al
7KLVQRYHOGXSOH[7DT0DQT3&5KDVSURYHG WREHVXLWDEOH WRGHWHUPLQH µCa.3S\UL¶ LQ
FDPELXPWLVVXHRILQIHFWHGSHDUVE\FLUFXPVWDQWLDOHYLGHQFHLLWVKRZHGJRRGDPSOLILFDWLRQ
HIILFLHQF\IRUSHDUWLVVXHH[WUDFWVFRQWDLQLQJµCa3S\UL¶DQGDEVHQFHRIDQ\FURVVUHDFWLRQ
ZLWKKHDOWK\SODQWWLVVXHLL WKHVHTXHQFLQJRIWKHDPSOLILHGSURGXFWDQGWKHVXEVHTXHQW
VLPLODULW\VHDUFKLQGLFDWHGDPSOLILFDWLRQRI'1$LGHQWLFDOWRWKDWRINQRZQSK\WRSODVPDVDQG
LLL WKH SRVLWLYH UHVXOWV ZHUH FRQILUPHG ZLWK WKH T3&5 DVVD\ VSHFLILF IRU IUXLW WUHH
SK\WRSODVPDVE\7RUUHVHWDO$OWKRXJKVSHFLILFIRUµCa.3S\UL¶in silico’LWFDQQRWEH
UXOHGRXW KRZHYHU WKDW WKH7DT0DQT3&5EDVHGRQ3'SULPHUSUREH 7DEOH ZLOO
FURVVUHDFWZLWKWKHFORVHO\UHODWHGµCa.3PDOL¶DQGµCa.3SUXQRUXP¶UHVSHFWLYHO\VLQFH
5HYLHZHG3DSHUV  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
WKH\GLIIHU IURPSUREH3'B3 MXVWZLWKPLVPDWFKHV LQ WKHLU KRPRORJRXVQXFOHRWLGH
VHTXHQFH$VWUHHVRIWKHFXOWLYDU³6FKZHL]HU:DVVHUELUQH´QRUPDOO\UHDFKDQDJHRI
\HDUVIXUWKHUHIIRUWVZLOOEHXQGHUWDNHQDLPLQJWRHQKDQFHWKHKHDOWKVWDWXVRIWKHWUHHVLQ
WKLV RUFKDUG 2QH VXFK PHDVXUH FRPSULVHV WKH LQMHFWLRQ RI SODQW JURZWK SURPRWLQJ
PLFURRUJDQLVPVLQWRWKHUKL]RVSKHUHRIWKHSHDUWUHHVWRLPSURYHURRWJURZWKDQGQXWULWLRQDO
VWDWXV ,I WKLVPRUHFRQVHUYDWRU\PHDQV IDLOV WREHVXFFHVVIXO FXWWLQJGRZQRI WKHPRVW
DIIHFWHGWUHHVDQGUHSODQWLQJZLWKJUDIWVRQ3'UREXVWRUUHVLVWDQWURRWVWRFNVZLOOEHDQRWKHU
EXWXOWLPDWHRSWLRQ
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